This article is a theoretical note on de-growth debate. The article includes an analysis of economic growth and alternative growth paths. The article is focused on the concepts of de-linking, re-linking and de-growth. We connected linking analysis (de-linking and re-linking) analytically to the de-growth debate. On the basis of our framework, special cases of de-growth in the linking process relate to strong re-linking, weak re-linking and recessive de-linking. This kind of theoretical approach helps us to define the special nature of de-growth. Key finding of us is that only the de-growth case of recessive de-linking meets the condition of environmental sustainability. However, this case does not fulfil the criteria of sustainable development defined in the WCSD context. In the linking process, the WCSD conditions of sustainable development are met in the strong de-linking process only. In our analytical framework, the theoretical concepts of de-growth and sustainable development seem to conflict by definition.
Introduction
The explanation of long-run economic development has always been a major issue in the economic theory. The "wealth of nations" today is the result of specific growth paths in the past. The present situation is characterized by huge international differences in living standards. Obviously there are different growth paths and dynamics of economic growth leads to different levels of sustainability. In this article we present a new scientific analysis of economic growth and associated sustainability analysis.
From the year 2008 onwards the Western countries have entered a period of prolonged economic recession.
Whether this is a temporary or a new permanent situation, is difficult to know. Ecological limits, exhaustion of investment outlets in mature economies, the burden of debt and geo-economic shifts point to a serious structural socio-economic crisis (see [1] [2]). For the environment, on the other hand, financial and economic crisis is not bad news [3] , because less economic growth means less material consumption, less CO 2 emissions, and less habitat destruction-a last late chance to stay within the safe limits of global ecosystems (see [4] - [7] ). Socially, a permanent economic recession can be a catastrophe. Growth economies do not know how to de-grow (see e.g. [8] ). They may collapse, but also recovery is possible. In the current situation, deeper understanding of the nature of economic growth is very important, especially from the sustainability perspective. We should be more interested in what is happening to the relationship and links between economic growth and environmental impacts.
The aim of this theoretically oriented research note is to connect the de-growth debate to previous de-linking and re-linking analyses (see e.g. [9] [10]). Especially we want to define special cases of the linking process, which can be defined as preferred de-growth processes in the economy. In the next section we present a simple framework of de-linking and re-linking and its connection to de-growth.
De-Linking, Re-Linking and De-Growth
In the literature, linking refers to change in the relationship between environmental impacts and economic performance over time. De Bruyn and Opschoor [11] have defined five generic stages of the linking process and describe them with an N-shaped curve. Environmental Kuznets Curve (EKC) is a special case of a de-linking process where environmental impacts de-link from economic growth and can be illustrated by an inverted U-shaped curve.
De Bruyn [12] has separated theoretical concepts of weak and strong de-linking. Weak de-linking implies that the environmental intensity of GDP decreases over time. However, environmental impacts can still increase, but at a lower rate than the GDP growth. For de-linking to be called strong, environmental stress must decrease over time (ibid.).
The EKC hypothesis states that at the first stage, economic growth increases also environmental impacts of economic activities, but at a certain level of income (GDP per capita), environmental impacts start to decrease endogenously or "automatically", e.g. through positive income elasticity of environmental goods, technological development and structural shift towards less environmentally intensive economic activities such as services. The EKC literature suggests also other factors (see [13] - [19] ).
However, identifying these factors and their environmental and social effects is not an easy task. The existence of an inverted U-shaped EKC per se does not verify the EKC hypothesis.
Assuming that the EKC hypothesis holds, doubts still remain whether the observed improvements can be extrapolated into the future or not. The possibilities to improve environmental efficiencies may have an upper limit. Facing these limits may force environmental impacts and GDP to link again. This prediction is called the re-linking hypothesis [11] . Like de-linking, also re-linking can be either weak or strong. Weak re-linking means that environmental intensity starts to increase, and strong re-linking requires that environmental impacts start to increase in absolute terms.
The linking process deals with changes in GDP (ΔGDP), change in environmental impacts (ΔES) and change in the environmental intensity of GDP, Δ(ES/GDP).
Figure 1 defines all different combinations of possible changes (see [9] for more detailed discussion). Horizontal axis in Figure 1 represents change in GDP and vertical axis represents change in environmental impacts. Environmental intensity of GDP (ES/GDP) is represented by the third axis.
All the axes in Figure 1 are relative, so they describe change from the current value of each variable only. The areas between the axes can be considered as defining six different types of the linking process, based on simultaneous changes over time in the variables ΔES, ΔGDP and Δ(ES/GDP) from the current (reference) values.
Many de-growth thinkers and activists advocate downscaling of production and consumption. They prefer the contraction of economies as over consumption lies at the root of long term environmental and social problems. It is easier to avoid a climate change disaster with less growth [20] . But socially, lack of growth in the Western economies may be problematic or even catastrophic. Even developing countries can suffer from low level of demand in markets. Unemployment increases and debt accumulates in many economies as we have seen during the recent years of financial crisis. How can economies without growth become socially sustainable and economically functional? One suggestion is to reduce working time [21] . Any de-growth strategy has challenges of its own. It can be interpreted that a de-growth strategy is an ecological strategy, which may help us in the creation of more sustainable consumption structures.
Key issue of de-growth strategies is that reducing consumption does not necessarily require decrease in individual well-being. Theoretically de-growth could include downscaling of production and consumption with simultaneously increasing human well-being and enhancing ecological conditions and equity on the planet. De-growth calls for a future where societies live within their ecological means with open, localized economies and resources more equally distributed through new forms of open society and democratic institutions. The promoters of de-growth aim to maximize happiness and well-being through non-consumptive means (see [22] [23]). They prefer shared work and consuming less while devoting more time to leisure, art, music, family, culture and community. Typically, they do not support core values of the consumption society (see e.g. [24] [25] ). There is also quite a lot of criticism concerning de-growth (see e.g. [10] ).
In Figure 1 , de-growth refers to a situation where change in GDP over time (ΔGDP) is negative, usually called as recession. In the linking process, de-growth can happen together with strong re-linking, weak re-linking, and recessive de-linking. It is very important to understand that de-growth can be either a re-linking or delinking type of economic process. From the perspective of environmental sustainability promoted by many de-growth advocates, only recessive de-linking meets the sustainability criterion (ΔES < 0). Because of the lack of economic growth in de-growth process we use the term quasi-sustainable de-growth. This kind of de-growth process does not fulfil the conventional economic sustainability criteria of the Brundtland Commission.
On the other hand, if we take the conditions of sustainable development defined by the World Committee on Sustainable Development [26] [27] as the starting point, sustainability can only be met in the strong de-linking process. De-growth seems to be always in conflict with sustainable development, which indicates that generic considerations are not fruitful but a more detailed growth approach will be needed.
Summary
In this integrative research note, we have connected linking analysis (de-linking and re-linking) analytically to the de-growth debate. On the basis of our framework, special cases of de-growth in the linking process relate to strong re-linking, weak re-linking and recessive de-linking. This kind of theoretical approach helps us to define the very special nature of de-growth. There is need to analyse growth processes of regional and national economies from this novel theoretical approach.
Another important scientific task is to evaluate the conditions under which the present development will be sustainable in the future. Huge international differences in economic growth and living standards are, of course, linked to the limited supply of natural resources. Contributing to the explanation of this pervasive observation is a challenge for any modern theory of economic growth and sustainable development. The sustainability analysis framework presented in this article helps us to meet these pervasive challenges of history.
Only the de-growth case of recessive de-linking meets the condition of environmental sustainability. However, this case does not fulfil the criteria of sustainable development defined in the WCSD context. In the linking process, the WCSD conditions of sustainable development are met in the strong de-linking process only. In our analytical framework, de-growth and sustainable development seem to conflict by definition.
